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Mutations and Disease 

Mutations in the HFE gene are associated with the hemochromatosis 
disease. A laboratory working on the hemochromatosis disease 
wants to elucidate the biochemical and structural basis for the 
function of the mutant protein. 

Outline:  

In this exercise, we have the following goals: 
1. Determine what is known about the HFE gene and protein (using 
Entrez Gene). 
2. Determine identified SNPs and their locations in the HFE gene 
(using dbSNP). 
3. Learn more about hemochromatosis and its genetic testing (using 
OMIM and Gene Tests) 
4. Elucidate the biochemical and structural basis for the function of 
the wild type and mutant proteins, if possible. 

Problem 1 

Mutations in the HFE gene are associated with the hemochromatosis disease. A 
laboratory working on the hemochromatosis disease wants to elucidate the 
biochemical and structural basis for the function of the mutant protein.  

Outline:  

In this exercise, we have the following goals: 
1. Determining what is known about the HFE gene and protein (using Entrez 
Gene). 
2. Determining identified SNPs and their locations in the HFE gene (using 
dbSNP). 
3. Learning more about the hemochromatosis disease and its genetic testing 
(using OMIM and Gene Tests) 
4. Elucidating the biochemical and structural basis for the function of the wild 
type and the mutant protein, if possible (using CDD). 

Step 1. Determining what is known about the HFE gene and 
protein (using Entrez Gene): 

Search for 'HFE" in Entrez Gene. One entry is for the human HFE gene. Retrieve 
the entry by clicking on the HFE link.  
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What is the location and orientation of the HFE gene on the human genome? List 
the genes adjacent to it. How many alternatively spliced products have been 
annotated for the HFE gene when the RefSeq mRNA entries were reviewed? 
Which is the longest splice variant? List some of the HFE gene aliases. What are 
the phenotypes associated with the mutations in the HFE gene? What is the 
name and function of the protein encoded by the HFE gene?  

Step 2. Determining identified SNPs and their locations in the 
HFE gene: 
From the Links menu on the top right hand side of the page, click on the "SNP: 
GeneView" to access a list of the known SNPs (reported in dbSNP). By default, 
the SNPs in the coding region of a gene are reported. Currently, how many 
missense (non-synonymous) SNPs are placed on the longest hemochromatosis 
transcript variant, NM_000410? Select the “Include Clinically Associated” SNPs. 
How many of these have links to OMIM (Clinically Associated)? We will 
concentrate on the cys282tyr mutant in the following analysis.  

Step 3. Learning more about the hemochromatosis disease and 
its genetic testing: 
Click on the OMIM link next to the one of the SNPs in the SNP report. What are 
the clinical features of hemochromatosis? List the 5 types of iron-overload 
disorders labeled hemochromatosis. Which of these is associated with mutations 
in the HFE gene? How many allelic variants of the HFE gene have been 
reported? What is the phenotype associated with the Cys282Tyr mutant?  

Click on the Gene Tests link at top of the page. Identify some of the laboratories 
performing the clinical testing for hemochromatosis. Now refer to the Reviews 
section. Mutation analysis is available for which of the HFE alleles? List one 
explanation for the hemochromatosis phenotype caused by the Cys282Tyr 
mutant.  

Step 4. Elucidating the biochemical and structural basis for the 
function of the wild type and mutant proteins, if possible: 
 
A.  Visualization of cysteine 282 on the structure of the hemochromatosis 
protein 
 

Go back to the Entrez Gene report. Click on the protein accession number 
NP_000401 associated with the longest splice variant NM_000410. Select the 
GENPEPT link for NP_000401 under the section “Genomic Region, Transcripts 
and products”.  Then select “Related Structure” from the Links menu.  The output 
contains a list of similar proteins with known 3D structures. Set the filters to “All 
similar MMDB” and sort by “Sequence Identity”. The entry 1A6Z chain A provides 
the structure of part of human hemochromatosis protein.   Click on the first arrow 
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representing the related structure and then on the “Get 3D-structure data” button.   
This downloads its 3D structure and the sequence alignment with the query 
protein. Zoom in to the area of the disulphide bridges (colored in tan) by pressing 
"z" on the keyboard. Select the cysteine residues forming the disulphide bridges 
by double clicking on them. Mouse over the corresponding cysteine residues on 
the query line in the Alignment Viewer and read the amino acid number at the 
bottom left of the window. One of them is the cysteine at position 282. It is the 
same cysteine that is mutated to tyrosine causing the hemochromatosis 
phenotype.  
 
B.  Visualization of hemochromatosis protein and beta-2-microglobulin 
complex 

Return to the sequence alignment (Related Structures) page and select the link 
to MMDB (the Molecular Modeling Database). The graphic representation of the 
structure lists four chains. The PDB record, which can be accessed through the 
“1A6Z” link on the MMDB page, indicates that chains A and C represent the 
human hemochromatosis protein, while chains B and D represent human beta-2-
microglobulin. Download the structure of the complex by clicking on the structure 
image on the MMDB page. For easier viewing, remove the helix and strand 
objects using StyleEdit Global Style -- unclick the boxes next to the Helix 
objects and Strand objects. To distinguish between the individual chains, select 
“Molecule” as the Color Scheme for the protein backbone.  Click on the “Apply”, 
then “Done” buttons.   

 

You can now easily explain why the C282Y mutant has an 
altered function.  
Summary:  
This mini-course describes how to obtain information about the HFE gene, 
known SNPs in it, and elucidate the biochemical and structural basis for the 
function of the wild type and Cys282Tyr mutant protein. 
 
Summary: 1. The HFE gene is located on chromosome 6 and has at least 11 
alternatively spliced products.  
2. Currently, there are 8 non-synonymous SNPs annotated on the protein 
NP_000401.  
3. The Cys282Tyr mutant is associated with the hemochromatosis disease and 
the site of mutation is used in hemochromatosis genetic testing.  
4. The HFE protein functions to regulate iron absorption by regulating the 
interaction of the transferrin receptor with transferrin whereas the Cys282Tyr 
mutant fails to regulate this interaction leading to iron overload. The conserved 
cysteine 282 in the immunoglobulin constant region domain of the HFE protein is 
involved in formation of a disulphide bridge. Its mutation to tyrosine will alter the 
folding of the protein. 
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                                 Bacon et al. Gastroenterology, 116:193-207, Figure 4 
 

                         
 
The interaction of hemochromatosis protein with beta-2-
microglobulin allows cell surface presentation of the complex. 
Once on cell surface, the hemochromatosis protein regulates 
iron absorption by regulating the interaction of the transferrin 
receptor with transferrin. 
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                                 Bacon et al. Gastroenterology, 116:193-207, Figure 4 
 
The interaction of hemochromatosis protein with beta-2-
microglobulin allows cell surface presentation of the complex. 
Once on cell surface, the hemochromatosis protein regulates 
iron absorption by regulating the interaction of the transferrin 
receptor with transferrin. 
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The interaction of hemochromatosis protein with beta-2-
microglobulin allows cell surface presentation of the complex. 
Once on cell surface, the hemochromatosis protein regulates 
iron absorption by regulating the interaction of the transferrin 
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Problem 2: 
http://www.ncbi.nlm.nih.gov/Class/minicourses/pheno2.html 

Mutations in the HBB gene are associated with sickle cell anemia. A laboratory 
working on sickle cell anemia wants to elucidate the biochemical and structural 
basis for the function of the mutant HBB protein.  

Step 1. Determining what is known about the HBB gene and 
protein (using Entrez Gene): 

Search for 'HBB" in Entrez Gene. One entry is for the human HBB gene. Retrieve 
the entry by clicking on the HBB link.  

What is the location and orientation of the HBB gene on the human genome? List 
the genes adjacent to it. How many alternatively spliced products have been 
annotated for the HBB gene when the RefSeq mRNA entries were reviewed? List 
some of the HBB gene aliases. What are the phenotypes associated with the 
mutations in the HBB gene?  

What is the name and function of the protein encoded by the HBB gene? Beta 
globin is a subunit of which protein? Name other subunit(s) in that protein.  

Step 2. Determining other identified SNPs and their locations in 
the HBB gene: 
From the Links menu on the top right hand side of the page, click on the "SNP: 
GeneView" to access a list of the known SNPs (reported in dbSNP). By default, 
the SNPs in the coding region of a gene are reported. Currently, how many 
coding SNPs are placed on the beta hemoglobin transcript NM_000518? How 
many of these have links to OMIM? We will concentrate on the Glu7Val mutant in 
the following analysis.  

Step 3. Learning more about sickle cell anemia disease and its 
genetic testing: 
Go back to the Entrez Gene report.  Click on the OMIM link and then HBB link. 
What are the phenotypes caused by mutations in HBB, the absence of HBB and 
reduced amounts of HBB? How many allelic variants of the HBB gene have been 
reported? As mentioned in the OMIM report, the allelic variants are listed for the 
mature beta hemoglobin protein which lacks an initiator methionine. Hence, the 
allelic variants in the OMIM report are off by one amino acid compared to the 
precursor protein in NP_000509. Click on the Allelic Variant “View list” link in the 
left blue bar to get information about the mutant proteins from patients. Is the 
Glu6Val variant mentioned in the list? (It is the variant number 0243). Which 
phenotype does it cause? What is the name of the mutant hemoglobin 
(hemoglobin S).  



 28 

Click on the Gene Tests link at top of the page. Identify some of the laboratories 
performing the clinical testing for sickle cell anemia. Now refer to the Reviews 
section for Sickle Cell Disease, Mutation analysis is available for which of the 
HBB alleles? List one explanation for the sickle cell anemia phenotype caused by 
the Glu7Val mutant beta hemoglobin.  

Step 4. Elucidating the biochemical and structural basis for the 
function of the wild type and mutant proteins, if possible: 

A. Information about the wild type protein 
Go back to the OMIM report by clicking the back button on the web browser. Go 
to the Gene report through the Links menu. Based on the RefSeq summary and 
the PubMed articles, describe the biochemical functions of beta hemoglobin and 
hemoglobin S.  

Let us first take a look at the structure of the wild type protein.  Click on the 
NP_000509 protein link and select GENPEPT. Click on “Related Structure” from 
the Links menu. The output contains a list of similar proteins with 3D structures 
known. The entry, 1DXT_B, represents the structure of deoxyhemoglobin chain 
B. Click on the arrow next to 1DXT_B to get the sequence alignment of the query 
protein to the B chain of 1DXT. To view the 3D structure of deoxyhemoglobin (all 
chains, 2 alpha and 2 beta), click on the MMDB link. That takes us to the MMDB 
structure summary page for 1DXT. Access the PDB entry, by clicking on 1DXT. 
Note that the chains A and C in the structure represent alpha chains, and B and 
D represent beta chains. Go back to the MMDB summary page. View the 
deoxyhemoglobin tetramer by clicking on the structure image. 

Search for the structure of the mutant (deoxyhemoglobin S) in the structure 
database, if available. Two entries, 1HBS and 2HBS, are retrieved. Click on the 
2HBS link. Then click on the PubMed link from the MMDB and PDB entries 
(under Reference). The abstracts indicate that the mutated valine residue of the 
beta chain contacts with another hemoglobin tetramer molecule to form 
hemoglobin polymers which are building blocks for the sickle cell fiber. 

B. To show the side chains of the mutant residue and view its interaction 
with another hemoglobin molecule: Download the structure 2HBS by clicking 
on the structure image on the MMDB page. For easier viewing, remove the helix 
and strand objects using Style--Edit global style, and unclick the boxes next to 
the Helix objects and Strand objects. Highlight valine 6 from the H chain (one of 
the beta chains). To show the side chains of the residue, use the Structure 
window--Style--Annotate--new. Give a name to this annotation such as "valine" 
and then click on Edit Style. Change the protein backbone “Rendering” to "Space 
Fill", Color Scheme to "charge" or "hydrophobicity". Repeat these steps for the 
Protein Sidechains row and click the Protein Sidechains on. To show the amino 
acid number, choose the Labels panel, and change the Protein Backbone 
spacing to 1. Click on the “Done”, “OK” then “Done” buttons. The valine residue 



 29 

interacts with a pocket between the two helices on another tetramer. Identify the 
residues from other molecules within 4 angstroms of the valine, use Show/Hide--
Select by distance--other molecules. To unselect the highlighted residues, click 
on the white portion of the sequence window.  

You can now easily explain why the Glu7Val mutant has an 
altered function.  
Summary:  

This mini-course describes how to obtain information about the HBB gene, 
known SNPs in it, and elucidate the biochemical and structural basis for the 
function of the wild type and Glu7Val mutant protein. 
 
Summary: 1. The HBB gene is located on chromosome 11 and has no 
alternatively spliced products annotated.  
2. Currently, there are 301 coding SNPs annotated on the protein NP_000509.  
3. The Glu7Val mutant is associated with the sickle cell anemia disease and the 
site of mutation is used in sickle cell anemia genetic testing.  
4. The HBB gene encodes beta hemoglobin which is a part of hemoglobin along 
with alpha hemoglobin. Hemoglobin is a tetramer consisting of 2 beta and 2 
alpha chains. Mutation of the 7th negatively charged amino acid, glutamic acid, 
to hydrophobic valine leads to polymerization of hemoglobin forming a sickle fiber 
that changes the shape of red blood cells leading to sickle cell anemia. 


